Objectives: The aim of this study is to evaluate 2-point discrimination sense (2PD), strength and kinesthetic differentiation of strength (KDS), range of motion (ROM) and kinesthetic differentiation of movement (KDM) dysfunctions in occupationally active women with mild and moderate forms of carpal tunnel syndrome (CTS) compared to a healthy group. Material and Methods: The 2PD sense, muscle strength and KDS, as well as the ROM and KDM of the radiocarpal articulation were assessed. Results: The results of the 2PD sense assessment showed significantly higher values in all the examined fingers in the CTS women group compared to healthy women (p < 0.01). There was a significant difference in the percentage value of error in the strength and KDS of pincer and cylindrical grips (p < 0.01) in the CTS women group compared to healthy women. There was no difference in the ROM of flexion and extension between studied groups (p > 0.05). There was a significant difference in the percentage value of error in the KDM of flexion and extension movement of the radiocarpal articulation (p < 0.01) between the studied groups. Conclusions: There are significant differences in the 2PD sense, KDS and KDM in occupationally active women with mild and moderate forms of CTS compared to healthy women. There are no significant differences in ROM in professionally active women with mild and moderate forms of CTS compared to healthy women. Int J Occup Med Environ Health. 2019;32(2):185 -96
INTRODUCTION
Carpal tunnel syndrome (CTS) is the most common compression mononeuropathy [1, 2] and one of the most common conditions in the working age [3] . The incidence of CTS, as evaluated by a number of authors, varies from 1.5% to 3.8% in the general population [3] [4] [5] , but for some occupations, this increases to 15-78% [6, 7] . The CTS problem is 3 times as common among women as among men [8] , where the annual incidence is estimated at 139 cases per 100 000 women [9] . According to Bongers et al. [10] the incidence of CTS in women is 280/100 000 women annually. These figures indicate that CTS is a widespread problem among women and that the average age of diagnosed women is 50 years [11] . Thus, it is a problem for many women of working age. Bonfiglioli et al. [12] indicate that the relationship between occupational exposure and the risk of CTS is based on strong scientific evidence. The occupational factors that may contribute to the development of CTS, described by various authors, include performing stereotypic, repetitive hand movements, heavy upper extremity workload, forced and uncomfortable working position and vibration ties of the day. Disorders of diverse sensation types [25] [26] [27] , pain [28, 29] , impairment of hand function [27, 29] , reduction of strength of the muscles responsible for functional efficiency of the hand and thus, reduction of strength of several grip types [27, 30] in women diagnosed with CTS have been indicated in numerous scientific papers. Carpal tunnel syndrome also affects overall health status, both in its physical and mental components [31] . Undoubtedly, the local symptoms associated with an affected hand or hands, which affect manual functioning, but also the global ones that impair the general sense of health, have an impact on occupational activity and therefore on deteriorating productivity and efficiency of work, which obviously has economic and social consequences [12, 21] . The authors have not found any research so far to evaluate the effects of various sensory disorders, muscle strength and the range of mobility, concerning the hands of occupationally active women who have developed CTS and whose work requires an elevated level of hand engagement. We believe that the impairment of the distinct sensation types may result in a gnosis disorder, which manifests itself in a difficulty in recognizing objects by touch. The consequence of kinesthetic sense disorder may be a decrease in the precision of movement and an impairment of precision grips. Impairment of the sensory function may also increase the risk of injury during work. The decrease in the strength of the muscles responsible for hand function may result in a deterioration of grip strength. Limiting the range of mobility may also cause an impairment of hand function during occupational activities. These disorders, which may develop in the hands of occupationally active women with CTS, may on one hand result in the impairment of work comfort and, on the other hand, affect the quality and productivity of work. It is therefore important to detect the developing disorders early, so that one can quickly take the right therapy and prevent the symptoms from increasing. Therefore, the main purpose of this study is to assess the manual dysfunction of hands in occupationally active women with mild and moderate CTS.
[ [13] [14] [15] [16] . Tests of grip strength and frequency of hand movement repetitions in employees representing 39 various occupations have shown that occupation is a risk factor only when it includes using high grip strength combined with high repetition of a given activity [14] . This work also demonstrates that muscle strength is a smaller risk factor for CTS than the repetition of a specific activity [14] . However, in another study, Chiang et al. [17] indicate that hand grip strength is a stronger risk factor for CTS development than the frequency of motions. It appears, however, that intensive hand activity is a relevant factor, which increases the incidence of CTS, as many occupations related to intensive hand activity yield CTS diagnoses -ski manufacturing workers (15%) [6] , grocery store workers (23%) [18] , supermarket checkers (62%) [19] , meat processing workers (23%) [20, 21] , carpenters (78%) [7] , floor cleaners (48%) [22] . McDiarmid et al. [23] also report that CTS is 3 times more common among women as compared to men. Some authors even point to the female gender as a risk factor for CTS [12, 19, 23 ]. It appears, however, that the main cause of CTS among women is that they perform activities which simply increase the risk of CTS [23] . In fact, women are more likely to have a higher risk of CTS, as they are more likely (than men) to perform certain occupations. Studies show that 98.4% of dental hygienists, 94.3% of typists, 93.4% of dressmakers, 89.6% of hairdressers and cosmetologists, and 89.6% of accountants are women, and these occupations are among the high-risk groups for CTS [23] . Other studies also show that even if a woman performs an occupation that does not belong to the group of high-risk occupations, women perform a much wider variety of activities which pose a greater risk of developing CTS during their work [24] . Regardless of whether the causes of increased CTS risk among women depend on the type of work performed, gender, disease incidence (diabetes, obesity, hormonal disorders, etc.), the symptoms that appear daily and gradually worsen must affect the occupational and non-occupational activi-fact that it was difficult to collect a representative group of women with CTS executing exactly the same tasks. All participants were informed about what the study would involve and told that they could withdraw without giving a reason. Written informed consent was obtained from all participants.
Participants
In total, 312 professionally active women were examined including 157 with mild and moderate forms of CTS and 155 healthy controls. Participants in the study were women who mostly used their hands during work. The characteristics of the respondents and the results of testing the homogeneity of the groups are presented in the Table 1 .
Diagnostic criteria
Inclusion criteria for professionally active women with CTS in the case group were: -CTS diagnosed by a physician; 
MATERIAL AND METHODS Ethics

Study design
This was a case-control study conducted in the southern part of Poland. Professionally active women with CTS were selected from some medical outpatient clinics in 2015-2016 and were included in the case group. Professionally active women in the control group were randomly selected from different workplaces in the same region. Due to the nature of their work, the women were divided into 3 groups: white-collar worker, pink-collar worker and blue-collar worker [25] . This division was used due to the 
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188 applied perpendicularly to the long axis of the distal phalanges of fingers I, II and III. The discriminator was placed on the skin with enough pressure to cause stimulation but no pain. The contact time of the discriminator with the fingertip ranged 3-5 s. The fingertip was randomly touched with 1 or 2 spikes of the discriminator and during that time the participant was asked to say "one" if she felt 1 point or "two" if she felt 2 points. The smallest distance the participant recognized as a sensation of 2 points was recorded in millimeters and used for analysis [36] . The measurement was done 3 times and the mean value was taken into the analysis.
The force of the cylindrical grip and the pinch grip were evaluated [37] using the Jamara hydraulic dynamometer.
The assessment was done in a sitting position. To judge the cylindrical grip, the dynamometer was positioned between the metacarpus and fingers II-V. When assessing pinch grip strength, the dynamometer was placed between the thumb and the lateral surface of the index finger. The values were in kilograms of strength (kg). The measurement was done 3 times and the mean value was taken into the analysis.
To assess the amount of error in the kinesthetic differentiation of strength (KDS) in cylindrical and pinch grips, the maximum strength was measured as well as 50% of maximum strength. The measurement was also performed 3 times in this test and for further analysis the average value was taken. The examination of maximum strength and the 50% of maximum strength allowed the calculation of the error made by the subject. For this purpose, the following formula was used [25] :
50% MS-RMMS ×100 = % (1) 50% MS where:
50% MS -50% of maximum strength value, RMMS -the real measure obtained during the measurement of 50% of the maximum strength.
-diminished nerve conduction values (< 50 m/s) and/or increased motor latency (> 4 m/s) in a nerve conduction study (NCS); -presence of ≥ 2 of the following positive symptoms [32] : 1) numbness and tingling in the area of the median nerve; 2) night-time paraesthesia; 3) positive Phalen's test; 4) positive Tinel's sign; 5) pain in the wrist area radiating to the shoulder; -a score of 1-3 on the Hi-Ob Scale, which confirms mild and moderate forms of CTS [33] . Inclusion criteria for professionally active healthy women in the control group were: -good general health, -consent to participate in the research, -lack of symptoms listed above in 1-5 for CTS patients. Exclusion criteria for women in both groups were: previous surgical treatment, current steroid or non-steroid pharmacotherapy, cervical radiculopathy, tendon sheath inflammation, rheumatoid diseases, diabetes, pregnancy, past trauma to the wrist and muscular atrophy of the thenar eminence.
Measures
In the case study group, NCS were performed in an electromyography (EMG) laboratory. Nerve conduction values ≥ 50 m/s were considered normal. Distal motor latency was calculated from motor fibers (values ≤ 4 m/s were considered normal). Symptom severity (SSS -symptom severity scale) and physical capacity (FSS -functional status scale) were evaluated using the Boston Carpal Tunnel Questionnaire (BCTQ) [34] . Pain was evaluated using the Numerical Pain Rating Scale (NPRS) (0 -no pain, 10 -maximum pain) [35] . In both groups, the examination of static 2-point discrimination sense (2PD) was performed using a standardized Dellon discriminator (Baseline Discrim-A-Gon Discriminator). Prior to the measurements, the protocol was explained to the participants. The discriminator pins were The Table 2 shows the evaluation of 2PD sensation in both groups. In all cases, the 2PD sensation was higher in women with CTS than in healthy women. Strength and KDS were significantly lower in women with CTS compared to healthy ones (Table 3 ). There were no differences between the groups in ROM, but there were significant differences in the case of KDM (Table 4) .
DISCUSSION
The main purpose of this study was to assess manual dysfunction in occupationally active women with CTS. The results of this study demonstrate that active women have significantly lower manual skills, already in mild and moderate CTS, due to multiple sensory and muscle strength disorders. The 2PD sense in the case of women with CTS was on average up to 144% higher compared to healthy women. The strength of the muscles responsible for the cylindrical grip decreased on average by 14% in the case of women with CTS and the strength of the muscles responsible for the pincer grip by 10% compared to healthy women. The kinesthetic differentiation of strength discrepancies was much more significant than the strength ones. In KDS, the difference between women with CTS The range of motion (ROM) of flexion and extension of the radiocarpal joint was measured using a digital Saunders inclinometer. The tests were performed in a sitting position; the participant's upper limb was positioned neutrally at the shoulder, bent to an angle of 90° at the elbow with the forearm in pronation. The forearm rested on a therapeutic table and the radiocarpal joint was set in neutral (parallel to the table) position. The hand was positioned outside the table with the palmar side facing towards the ground. In the assessment of flexion and extension movements the inclinometer was applied on the dorsal side of the hand parallel to the third metacarpal bone and middle finger. Measurements of the maximum of the active ROM of extension and flexion were carried out 3 times, and for further analysis, the average value was taken.
To assess the amount of error in the kinesthetic differentiation of movement (KDM) in flexion and extension of the radiocarpal joint, the maximum ROM was measured as well as 50% of maximum ROM. The measurement was also performed 3 times in this test and, for further analysis, the average value was taken. The examination of maximum ROM and the 50% of maximum ROM allowed calculation of the error made by the subject. For this purpose, the following formula was used [38] : 
Statistical analysis
All the obtained results were statistically analyzed. Homogeneity of variance for each variable was checked by using Levene's test. Next, variables were analyzed by using the t-test for independent samples. The paper presents mean values (mean values of differences), standard deviations disorders in symptomatic hands, in both one-sided and bilateral CTS. Many authors have investigated 2PD sense in individuals with CTS [26, 27, 39] . The 2PD sense test is a simple and reliable way of evaluating astereognosis [36, 40] and moreover, the relationship between 2PD sense and hand function has been proven [41] . Worse 2PD sense results in a deterioration of hand function, which is important in the non-occupational activities of the day, as well as in the workplace [41] . Impairment of 2PD sense due to astereognosis may also increase the risk of hand injuries which are among the most common occupational accidents [37] . Deterioration of 2PD sense in occupationally active women with CTS, as previously reported [41] , leads to impairment not only of exteroceptive sensation, but also proprioceptive sensation [25] , which, already in the and healthy women, in the mean bias error, was 122% for cylindrical grip and 67% for pincer grip. There were no significant differences in mobility of the radiocarpal joint between women with CTS and healthy women, although KDM was significantly impaired. In KDM, the difference between women with CTS and healthy women, in the mean bias error, was 39% and 61% for extension and flexion, respectively. Diverse sensation disorder types in the general population of occupationally active people with CTS were studied by Wolny et al. [26] . The authors identified significant disorders of 2PD sense, KDS in cylindrical and pincer grips, and KDM in flexion and extension of the radiocarpal joint, as compared to healthy subjects for the dominant right hand. The results of the studies concerning occupationally active women with CTS have shown incidence of similar women, and was within the normal range. Moreover, the mean values obtained in the measurements did not differ significantly from those of the general population [38] , which suggests that CTS has little effect on the ROM of the radiocarpal joint. Similar values for ROM were also obtained in the studies by Mohamed et al. [44] , while Tal-Akabi and Rushton presented smaller ROM in CTS subjects [28] . Tal-Akabi and Rushton's study could be influenced by a small number of participants (only 21) and age (29-85 years) . Especially in older people, degenerative changes in radiocarpal joints may have contributed to the limitation of ROM and due to such a small number of subjects, to the average for the whole group. Significant disturbances also occurred in KDM of women with CTS, as compared to healthy women. The results obtained in this experiment are even slightly worse than in a general population study of subjects with CTS [38] . Kinesthetic differentiation of movement is an important parameter affecting the functional efficiency of the hand and its impairment can significantly reduce the function of the hand in day-to-day activities, occupational and non-occupational. This may be particularly important in occupations that require high precision of movement. It may impair both the planning process of a motion activity, as well as its performance, which may affect functional capacity and decrease productivity. One of the factors affecting KDM disorders (similar to KDS) may be pain associated with CTS [43] . Disturbances of the various sensation types that occur in women with CTS may, to some extent, be compensated for by the sight organ, especially when it comes to proprioceptive (including kinesthetic) sensation. In addition, one of the elements of compensation may also be an increase in muscle tone, as well as a change in the strategy of the motion activity performed. It seems, however, that such solutions, overall, must adversely affect various areas of the motor system, which may aggravate both the symptoms of CTS as well as cause overload and degenerative early stages, reduces the functional capacity of the hand and may have occupational consequences in the form of reduced productivity. The muscle strength in cylindrical and pincer grips has also been frequently assessed in CTS patients [27, 30, 39] , as it is an important component, which influences the manual capacity of the hand, especially in those occupations which require greater muscle strength (cylindrical grip) and/or greater movement precision (pincer grip) during occupational activities. It is obvious that the weakening of muscle strength and hence the weakening of the grip, must result in less functional efficiency of the hand and thus, less productivity. Decrease in muscle strength, which our study demonstrates, was significant, but not as large (10-14%) as the disturbance of other tested parameters. Some authors report that in mild and moderate CTS, muscle strength is not yet impaired and only further progression of the disease leads to muscle weakness and atrophy [42] . However, one should remember that CTS is also associated with other symptoms that can affect muscle strength. Weakening of muscle strength demonstrated in our experiment may be a result of the pain experienced by the subjects, which does not allow them to use full muscle strength [43] . Although muscle strength was less disturbed, the successive results of our studies show that KDS in both mild and moderate forms of CTS is significantly impaired in both the cylindrical and pincer grips. The KDS used is an essential component of the functional efficiency of the hand, so its impairment can result in decreased precision of movement and thereby, reduce the functional efficiency of the hand, which causes a deterioration in productivity. Also in this case, the kinesthetic differentiation disorder may be attributable to pain, which is a major symptom of CTS, since, as indicated by Tamburin et al. [43] pain may impair motor control and thus, interfere with proper motor performance.
The range of motion of the radiocarpal joint was not significantly different between women with CTS and healthy changes in distant locations. The consequence of this is the deteriorating quality of health on the one hand and, on the other, lower productivity and increased absence from work, which has a significant economic and social dimension due to the enormous costs of treatment and reduced productivity. The limitations of this study are primarily the large occupational diversity of the women with CTS. The multitude of occupations of today, the variety of activities performed sometimes in the same position and different workloads, make it difficult to choose a homogeneous group. Therefore, the study included women in 3 groups: white-, pinkand blue-collar workers, who reported high engagement of their hands at work. Another limitation is that there is no NCS study of healthy subjects and therefore, there is no certainty that the control group was free of people with other medical conditions, although the inclusion criteria included participation conditions such as good general health and lack of CTS symptoms, thus the probability that there was any pathology is much smaller. So far, the literature has lacked a comprehensive assessment of distinct sensation types (exteroceptive, proprioceptive), KDS and KDM, as well as strength and ROM scores in occupationally active women with CTS, which is a strong side of this study. In addition, the study included numerous subjects. Moreover, the inclusion criteria that involved the physician posting a diagnosis based on NCS and clinical judgement are strengths of this study. The use of reliable measuring tools also raises the value of the study and allows error minimization. In summary, it should be stressed that the disturbances of different sensation types and the reduction of muscle strength in occupationally active women with CTS must reduce the functional capacity of the hand, and the resulting consequences relate to many aspects of occupational and non-occupational life, as well as economic and social costs. Therefore, in the case of occupationally active women with CTS, it is necessary to diagnose the disease quickly
